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(54) Method and apparatus for moulding reinforced thermoplastics 



(57) A method and apparatus for binding the fibers 
of, and forming a fiber reinforced plastic structure. A 
fiber reinforced plastic preform (36) is created by depos- 
iting a mixture (35) of reinforcing fibers, binding fibers 
and resin matrix fibers on a screen (16) having a prese- 
lected geometry. The fiber reinforced plastic preform is 
exposed to high temperature fluid causing the binding 
fibers to melt and, thereafter, to cod air to temporarily 
bind the preform in a tackified state. The tackif ied pre- 
form is exposed to a higher temperature fluid causing 
the resin matrix fibers to melt and. thereafter, to cool air 
to solidify and thus bind and lock the reinforcing fibers of 
the tackified prefbnm in place to create a homogeneous 
fiber reinforced plastic structure. 
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Description 

This is a continuation-in-part application of United 
States patent application Serial No. 162,455 filed 
December 3. 1993, entitied "Method and Apparatus for s 
Binding Fibers in a Rber Reinforced Preform", which is 
a continuation-in-part of United States patent applica- 
tion Serial Na 881.851 ffled May 12, 1992 which issued 
on February 15. 1994 as United Stales Patent No. 
5,286.326. 10 

BACKGROUND OF THE INVENTION 

The present invention relates generally to forming 
fiber reinforced plastic structures and. more particularly. 75 
to a method and apparatus for binding the fibers of a 
fiber reinforced plastic structure. 

Fiber reinforced plastic (FRP) parts or composite 
parts are well known and used in a wide variety of appli- 
cations. An FRP part generally consists of a plastic zo 
shape in which cartx>n, fberglass. or other reinforcing 
fibers are dispersed in order to provide strengtii to the 
plastic. One method of making an FRP part is known as 
resin transfer molding (RTM). In RTM, ftorous material 
In a mold is injected with resin which cures to form the 25 
part. Examples of these techniques are disclosed in 
commonly assigned U.S. Patent Nos. 4,740,346; 
4.849,147; 4,863,771; and 5,286,326 which are hereby 
incorporated by reference. In RTM, fibrous material is 
often formed into a preliminary shape before being 30 
placed into the mold. The shaped sections generally 
conform to the shape of adjacent mold die surfaces and 
are known as preforms. Preforms have been made in 
several different manners. One approach is to direct 
chopped fibers by means of a flow of air onto a screen. 35 
One problem wrtii this technique is that it is difficult to 
obtain desired fiber orientation. Another method Is to 
make the preforms from mats of ftorous material. This 
method however results in undesirable amounts of 
scrap and is labor intensive thus resulting in production 40 
cost inefficiencies. Still another technique known as a 
wet slurry process Is disclosed, for example, in Keown 
et al., "Wet Slurry Process Brings Precision To Rein- 
forced Plastics". As discussed therein, a slurry contain- 
ing chopped glass strands or fibers is drawn by vacuum 45 
Into a chamber covered by a screen.. As a result the fib- 
ers are deposited on the screen. This approach, how- 
ever, also has some drawbacks. For example, it is 
somewhat difficult to consistently obtain tiie desired 
fiber orientation and compactness or density of the fib- so 
ers using this equipment. In addition, the pumps and 
otiier equipment required to create the vacuum and 
draw tiie slurry through the screen may be unduly com- 
plex and difficult to maintain. Furthermore, the process 
is relatively slow. An improved wet slun-y process Is dis- ss 
closed in commonly assigned U.S. Patent No. 
5.039.465, which Is also hereby incorporated by refer- 
ence The process disclosed therein teaches drawing 
the slun^y through the screen by raising the screen 
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through a tank containing a sluny of fibers resulting in 
the fbers being deposited on the screen. Further dis- 
closed are unique configurations for the holes in the 
screen to direct the fibers into desired orientations. 

Of concern in any preform forming process is han- 
dling the fiber preform witiiout disturbing ttie shape of 
the preform or the orientation of the fibers. To tills end. 
commonly assigned U.S. Patent No. 5.286.326 dis- 
closes tiiat a binding material may be deposited along 
with the fibers when forming the preform. The binding 
material gives the preform sufficient strength to allow for 
handling without disturbing its shape or the orientation 
of the fibers. In typical applications, the binding hnaterial 
is a thermoplastic fiber mixed into the slurry with the 
reinforcing fibers in a wet slurry process or blown onto 
the screen along with the reinforcing fibers if an air 
blown process is used. 

After the preform is shaped, the preform, still on the 
screen, is introduced to a high frequency electromag- 
netic field for several seconds, tiius melting tiie binding 
fibers and binding the reinforcing fibers of the preform. 
TTie preform then can t>e readily removed from tiie 
screen and handled without damaging it. The preform is 
then placed Into a mold. Resin is tiien injected Into the 
mold to impregnate tiie fibers in the preform and form 
tiie desired structure. While tiiese metiiods and appara- 
tuses are satisfactory, the present invention is believed 
to even further improve the art 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present 
Invention, a preform is created that has a mixture of 
reinforcing fibers and meltable resin matrix fibers. The 
preform is heated to a temperature sufficient to melt the 
resin matrix fibers such tiiat tiie resin matrix fibers flow 
to surround the reinforcing fibers to yield, after cooling, 
a substantially homogeneous fiber reinforced plastic 
structure. Preferably, the preform is created by a slurry 
process in which two different types of thermoplastic fib- 
ers are Introduced into tiie slurry along with the reinforc- 
ing fibers. The first type of tiiermoplastic fibers, binder 
thermoplastic fibers, have a lower melting point than the 
second type of thermoplastic fibers and serve to teirpo- 
rarily bind or tackify the preform together. The second 
thermoplastic fibers have a higher concentration and a 
higher melting point than the binder thermoplastic fib- 
ers. The second type of thermoplastic fibers serve as 
tiie resin matrix f bers which, after heating, provkje tiie 
matrix for holding the reinforcing fibers together to form 
a structural part. 

BRIEF DESCRI PTION OF THE DRAWINGS 

The various advantages of the present Invention 
will become apparent to one skilled in the art after read- 
ing tiie following specification and by reference to the 
drawings In which: 
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Figure 1 is a front cross-sectional view taken along 
the lines 1-1 of Figure 5 of a fiber reinforced plastic 
preform forming apparatus of the present invention 
with the screen positioned at the bottom of the tank; 
Figure 2 is a view of a f toer reinforced plastic pre- 
form forming apparatus of the present invention 
after the screen has been raised to the top of the 
tank and an electromagnetic field generator is 
moved into close proximity to the fber reinforced 
plastic preform; 

Figure 3 is an enlarged partial cross-sectional view 
of the apparatus showing the electromagnetic field 
generator in contact with and compressing the fib- 
ers of tiie fiber reinforced plastic preform as depos- 
ited on the contoured screen; 
Figure 4 is a perspective view of a fiber reinforced 
plastic preform of tiie present invention; 
Figure 5 is a top view of tiie apparatus partially bro- 
ken away to furtiier illustrate the matrix subframe 
sti'ucture; 

Figure 6 is an enlarged partial cross-sectional view 
of the apparatus showing the seal and bubbler 
apparatus in particular detail; 
Figure 7 is an enlarged partial aoss-sectional view 
of tiie apparatus showing the screen mounting into 
a mask and matrix subframe: 
Rgure 8 is a perspective view of a binder fiber 
made in accordance witii tiie teachings of the 
present invention showing a matrix material witii a 
dispersion of fen-omagnetic particles; 
Figure 9 is a front cross-sectional view similar to 
Figure 1 of a fiber reinforced plastic preform form- 
ing apparatus according to a second embodiment 
of tfie present invention witii tiie removable con- 
toured first screen positioned at tiie bottom of tiie 
tank; 

Figure 10 is a view of a fiber reinforced plastic pre- 
form forming apparatus of the second embodiment 
of the present invention after the first screen has 
been raised to tiie top of tiie tank and a second 
screen is moved into dose proximity to tiie fiber 
reinforced plastic preform; 
Figure 11 is an enlarged partial cross-sectional 
view of tiie apparatus showing the second screen in 
contact with and compressing the reinforcing fibers 
and tiie binding material of tiie iher reinforced plas- 
tic preform on tiie first screen; 
Figure 1 2 is a view similar to Figure 1 0 witii tiie sec- 
ond screen reti-acted from tiie fiber reinforced plas- 
tic preform, and tiie fiber reinforced plastic preform 
removed from the first screen according to a sec- 
ond preferred embodiment of the present invention; 
Figure 13 is a schematic representation of the 
method for forming a fiber reinforced plastic sti'uc- 
ture according to tiie ttiird embodiment of ttie 
present invention; 

Figure 14 is a front cross-sectional view similar to 
Rgures 1 and 9 of a tank portion off a ftoer rein- 
forced plastic structure forming apparatus accord- 
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ing to a ttiird embodiment of the present invention 
witii the removable contoured screen positioned at 
tiie bottom of tiie tank; 

Figure 15 is a view of a fiber reinforced plastic 
structure forming apparatus of the tiiird embodi- 
ment of the present invention after tiie screen has 
been raised to the top of the tank; 
Rgure 16 is a view of a fiber reinforced plastic pre- 
form and screen of the tiiird embodiment of the 
present invention in an oven wherein high tempera- 
ture steam or fluid is drawn tiirough the preform and 
screen to create a tackified preform; and 
Rgure 1 7 is a view of a tackified preform of tfie thiid 
embodiment of the present invention in a comple- 
mentary cavity of a mold. 



DESCRIPTION OF THE PREFERRED EMBQDU 
MENTS 



20 It should be understood from tfie outset tiiat the 
scope of tiie present invention need not be limited to the 
particular exanrples used in connection with this inven- 
tion since those skilled in tiie art will appreciate that its 
teachings can be used in a wide variety of applications. 
25 Witii ttiis caveat in mind, tfie present invention will be 
described for exemplary purposes emtKxjied in a wet 
slun-y process an example of which is disclosed in tiie 
aforementioned commonly assigned U.S. Patent No. 
5,039.465. With reference then to Figures 1 and 7. a 

30 contoured screen 16 having a defined geometry and 
containing openings of a preselected pattern has been 
placed in an apertijre 19 formed in the surface of mask 
14. The inner portion of mask 14 defining aperture 19 is 
provided witii an offset or rabbetted surface 21 allowing 

35 seal 1 8 and a radially extending lip 1 7 of screen 1 6 to fit 
flush to planar surface 15 of mask 14. Mask 14 and 
screen 16 are shown supported by frame member 28 
and matrix subframe 30. The subframe 30 is a grid of 
vertically extending metal bars and horizontally extend- 

40 ing cross members. The top portion of matrix subframe 
30 is suitably contoured to substantially match tiie con- 
toured shape of screen 16 and thereby provide support 
over the entire surfece area of screen 16. The bottom 
portion of subframe 30 is in contact with and suitably 

45 connected to frame member 28 thereby receiving sup- 
port. As can best be seen in Figure 5, matrix subframe 
30 defines a plurality of openings 31 for allowing liquid 
passing tiirough contoured screen 16 to further pass 
substantially unobstiucted through mati-ix subframe 30. 

50 As shown in Figure 1, contoured screen 16 is ini- 
tially positioned at the bottom off tank 12. Tank 12 is ttien 
filled with water and chopped reinforcing fibers such as 
glass, graphite, polyester or other suitable reinforcing 
ftoers to create a slunry 35. Typically, tiie reinforcing fib- 

55 ers will be in bundles having approximately 500 fila- 
ments and a diameter of 2.5 to 25 microns wrtti the 
bundles cut into one half to six inch lengttis. Furtiier 
added to slunry 35 are binding fibers 50. Preferably, tiie 
binding fft>ers comprise approximately about 3-10 and. 
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preferably. 6 percent by weight of the total weight of the 
fibers added to create slurry 35. 

The birxling fber 50 of the present Invention is 
shown in Rgure 8 as a combination 52 of thermoplastic 
material having therein dispersed a quantity of filler 5 
material 54 having ferromagnetic properties. The com- 
bination material 52 may be any of the thermoplastic 
materials, such as thermoplastic polyester, polypropyl- 
ene, polyethylene, or nylon, suitable for forming into fib- 
ers. The filler material may be any fen-omagnetic io 
material which may be made into small particles to be 
dispersed into the tfiermoplastic matrix. Several types 
of suitable fen-omagnetic materials are discussed in 
U.S. Patent No. 2,393.541 (hereby incorporated by ref- 
erence) and include iron, nickel, cobalt and their respec- is 
tlve ferromagnetic alloys and oxides. The fiber 50 could 
consist of a tfiermoplastic polyester material witii a 5-20 
percent by weight dispersion of iron oxide particles hav- 
ing an irregular spherical shape approximately about 
0.5-5 microns in diameter. When exposed to a high fre- 20 
quency electromagnetic field, ttie filler material 54 pro- 
duces heat which tiien melts the thermoplastic material 
52 binding tfie reinforcing fibers of the fiber preform in 
place. The fibers 50 can be made by melting a mass of 
thermoplastic material, adding tfiereto a mass of ferro- 2s 
magnetic material, mixing tiiem to create a homogene- 
ous mixture, extruding tiie mixture through a spinnerette 
or otiier suitable device and spinning or drawing it to a 
predetermined diameter. The fiber may then be cut to 
length. In the present invention, tiie fber 50 is preferably 30 
25-50 microns in diameter and cut approximately about 
0.25-1.25 inches in length. 

With reference once again to Figures 1 and 2, con- 
toured screen 16, mask 14 and frame 28 are raised to 
the top of tank 12 by activating a piston 31 attached to 35 
frame 28. In raising screen 16 to the top of tank 12 it is 
desirable to raise screen 16 quicky enough to create a 
partial vacuum on tiie underside of screen 16. This par- 
tial vacuum accompanied with the atmospheric pres- 
sure bearing down on ttie portion of slurry 35 above 40 
screen 1 6 cause the flow of sluny 35 through contoured 
screen 16 and the dispersion of fibers onto the screen. 
The slun-y is prevented from passing between mask 14 
and walls of tank 12 by seal 20. This pressure differen- 
tial, however, is equalized when any portion of mask 14 45 
or screen 16 breaks tiie surface of slurry 35 thereby 
stopping tiie flow of slurry 35 tfirough screen 16. It is 
therefore advantageous to maintain screen 16 below 
the surface of slun'y 35 as long as possible. As can be 
seen in Figures 2 and 5, planar surface 1 5 of mask 1 4 is so 
shown extending from tiie outer walls of tank 12 
inwardly to aperture 19. Thus planar surface 15 of mask 
14 allows for the pressure differential to be maintained 
for tiie maximum period of time by substantially main- 
taining all portions of saeen 1 6 and mask 1 4 below the ss 
surface of slurry 35 until screen 16 reaches the top off 
tank 12. In raising screen 16 to the top of the tank, pla- 
nar surface 15 further advantageously provides a 
smootti. unobstructed surface over which substantially 



all of the fibers of slurry 35 may be swept into contoured 
screen 16. Anotiier advantage of mask 14 and planar 
surface 15 is demonstrated by tine provision for mixing 
the reinforcing f bers. 

As can be seen in Figures 5 and 6. embedded in 
mask 14 below planar surface 15 is a plurality of disper- 
sion tubes 24 connected to the surface of mask 1 4 by a 
plurality of apertures 26 formed in mask 14. Air or water 
or otiier fluid is advantageously conducted to dispersion 
tubes 24 from a source 34 through hollow piston rod 31 
and suitable connections to conduct fluid from hollow 
piston rod 31 to dispersion tubes 24. Air provided to 
tubes 24 is then conducted into tank 12 via apertures 
26. In this manner sluny 35 is agitated directly above 
pfanar surface 15 thus assuring an even distribution of 
tiie reinforcing and binding fibers in slunry 35 and further 
improving the flow of slun-y 35 over planar surface 1 5 to 
contoured screen 16. 

Figures 2 and 3 show the first embodiment of the 
present apparatus in its finished position. Once raised 
to the top of tank 12 tiie relnfbrdng fibers and binding 
f toers of slun-y 35 are deposited on contoured screen 1 6 
in the desired preformed shape 36. High frequency 
electromagnetic field generator 40 is tiien lowered into 
dose proximity witfi fiber preform 36. In tills embodi- 
ment, high frequency electromagnetic field generator 40 
has a contoured plug 42 of substantially tiie same 
shape as preform 36 mounted to a base 45. Embedded 
near tiie surface 43 of plug 42 are a plurality of electro- 
magnetic induction coils 44. Thus, when lowered under 
ttie action of piston 48. plug 42 slightiy compacts the fib- 
ers of preform 36 as a high frequency electromagnetic 
field is generated tiiereby melting the thermoplastic 
binding fibers and temporarily binding tiie reinforcing 
fbers of preform 36. In the present Invention, ttie high 
frequency electromagnetic field is generated by a suita- 
ble confrol source (not shown) in the range of 2 KHz to 
2 MHz witti a typical appltoation consisting of 1 MHz 
field active for approximately about 2-15, and preferably 
about 5 seconds. 

While all of ttie tiieoretical technical details off tiie 
binding action of the present invention are not com- 
pletely understood, it is believed ttiat tiie heating of ttie 
binding fibers 50 by the electromagnetic field raises the 
tenperature in the immediate area to cause localized 
vaporization of any water droplets adjacent to the bind- 
ing fibers. In addition, the heal of ttie binding fibers, dur- 
ing application off the elecfa-omagnetic field, may cause 
water droplets to be driven away from ttie hot binding 
fibers thereby allowing ttie binding fibers to melt and act 
as an adhesive to bind togettier adjacent reinforcing fib- 
ers. When the electromagnetic field is removed, tiie 
water droplets in the vicinity tend to return to their origi- 
nal location due to capillary action thereby quenching 
ttie hot binding f bers to cool and solidify them. Accord- 
ingly, ttie electromagnetic field need be applied only for 
a limited period of time in order to transform the wet, 
unmanageable raw preform into an easily handled unit. 
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Once the reinforcing fibers of preform 36 have been 
temporarily bound together, preform 36 may be 
removed from contoured screen 16 by any suitable 
m^hod. An exemplary preform made in accordance 
with the teachings of this embodiment of the present $ 
invention is illustrated in Figure 4. In practice of the 
invention, contoured screen 16 would be suitably 
coated with Teflon® or other anti-stiddng conpound so 
as to prevent sticking of preform 36 to contoured screen 
16 thereby improving the removal process. The io 
removed preform then can be subjected to a drying 
process to remove residual water from the preform. This 
can be accomplished in a variety of manners such as 
forced air convection drying and otiier suitable methods 
which would be compatible witii the teachings of ttie /5 
present invention. Once preform 36 is dried, a fiber rein- 
forced part is created by placing the preform in a mold 
and injecting resin into tiie mold. The resin inpregnates 
the fibers of the preform thereby forming the desired 
structure. 20 

Figures 9-12 show a second embodiment of the 
present invention. Like reference numerals are used to 
identify like elements of the preceding embodiment. 

As shown in Figure 9, contoured screen 16 is ini- 
tially positioned at tiie bottom of tank 1 2. Tank 1 2 is then 25 
filled with water and chopped reinforcing fibers to create 
a slurry 35. Furtiier added to slun-y 35 are tiie binding 
fibers. In this embodiment the binding material is just a 
matrix of thermoplastic material, and preferably, tiier- 
moplastic fibers. The matrix material may be any of the 30 
thermoplastic materials, such as thermoplastic polyes- 
ter, polypropylene, polyethylene, or nylon, suitable for 
forming into fibers. The binding material consists of a 
thermoplastic polyester material, which melts when 
exposed to high temperature steam. When exposed to 35 
cool air, the melted thermoplastic fibers solidify to tem- 
porarily bind the reinforcing fibers of the fiber reinforced 
preform in place. TTie thermoplastic fibers can be made 
by melting a mass of thermoplastic material, extruding it 
through a spinnerette or otiier suitable device and spin- 40 
ning or drawing it to a predetermined diameter. The fib- 
ers may ttien be cut to lengtti. In tiie preferred 
embodiment of the present invention, the fibers are 
preferably 25-50 microns in diameter arxj cut approxi- 
mately about 0.25-1 .25 inches in lengtti. 45 

Witti reference to Rgures 9 and 10. removable con- 
toured screen 16, mask 14 and frame 28 are raised to 
the top of tank 12 by activating a piston 31 attached to 
frame 28 in a similar manner as described in ttie prior 
embodiment. 50 

Figures 10 and 11 show the apparatus in its fin- 
ished position. Once raised to tiie top of tank 12 the . 
reinforcing fibers and binding material of slunry 35 are 
deposited on removable contoured screen 16 In tfie 
desired preformed shape 36. In ttiis embodiment, a sec- 55 
ond contoured screen 66. substantially ttie same shape 
and size as ttie inside suriace of preform 36 is mounted 
to base 45. Second saeen 66 and base 45 are lowered 
under tfie action of piston 48. Second screen 66 nests 



within removable contoured screen 16 capturing and 
holding tiie reinforcing fibers and binding material in 
place. Second screen 66 and removable contoured 
screen 16 are forced together with sufficient pressure to 
compress the reinforcing fibers and binding material 
togetiier and remove trapped water from the prefbnm. 

As further shown in Rgures 9, 10. 11 and 12, high 
temperature steam inlet conduit 68 and cool air inlet 
conduit 70 are mounted to base 45. Base 45 contains a 
high temperature steam inlet conduit opening 72 therein 
to allow for passage of high temperature steam from 
high temperature steam conduit 68 to chamber 76 and 
to the inner surface of second screen 66. The high tem- 
perature steam is then discharged through a plurality of 
openings 78 formed in second screen 66 and through 
preform 36 formed on removable contoured screen 16. 
Base 45 also contains a cool air inlet conduit opening 74 
therein to allow for passage of cool air from cool air inlet 
conduit 70 ttirough base 45 to preform 36 in substan- 
tially the same manner. 

In operation, removable contoured screen 16, rein- 
forcing fibers, binding material and second screen 66 
are exposed to high temperature steam or other heated 
fluid. This high temperature steam is suffidentiy hot (at 
least 150**G) and is maintained for a sufficient period of 
time (between 15 to 90 seconds) to melt the binding 
material. The heating of tiie binding material by the high 
temperature steam raises the temperature of the pre- 
form in tiie immediate area of the binding material caus- 
ing vaporization of water droplets adjacent to tiie 
binding material. After tiie binding material is melted, 
removable contoured screen 16. reinforcing fibers, bind- 
ing material and second screen 66 are exposed to a 
quantity of cool air (below about 150''C) for about 10 to 
30 seconds, sufficient enough to solidify the binding 
material and temporarily lock tiie reinforcing fibers in 
place. Accordingly, this high temperature steam and 
cool air combination need be applied only for a limited 
period of time in order to transform the wet. unmanage- 
able raw preform into an easily handled unit. 

Once the reinforcing fibers of preform 36 have been 
bound togetiier. second screen 66 is retracted to a posi- 
tion above tank 12. Removable contoured screen 16. 
mask 14 and frame 28 are then lowered into tank 12 
whereby air in tank 12 trapped between the sur^ce of 
the slurry and tiie bottom of mask 14 is forced through 
removable contoured screen 16 thereby causing pre- 
form 36 to be ejected from removable contoured screen 
1 6. Ejected preform 36 may be retrieved by any suitable 
metiiod. Reta-ieved preform 36 then can be subjected to 
a drying process to remove residual water. This can be 
accornplished in a variety of manners such as forced air 
convection drying and other suitable methods which 
would be connpatible with the teachings of the present 
invention. Once preform 36 is dried, a fiber reinforced 
part is created by placing preform 36 in a mold and 
injecting resin into the mold, preferably using ttie above- 
described resin transfer molding (RTM) process. The 
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resin impregnates the fibers of preform 36 thereby fornv 
Ing the desired structure. 

Figures 13-17 show a third embodiment of the 
present invention where, unlike the previous embodi- 
ments, there Is no need for the resin injection st^ to s 
form the final part. Like reference numerals are used to 
identify like elements of the preceding embodiments. 

A schematic representation, as shown In Rgure 13, 
concisely and succinctiy sets fbrtii the steps for forming 
a fiber reinforced plastic structure according to the tiiird io 
embodiment of the present invention. 

As shown at box 200 of Figure 13 and illustrated in 
Figure 14, contoured screen 16 is initially positioned at 
the bottom of tank 12. Tank 12 is ttien filled witii water 
and chopped reinforcing fibers 81 to create a slurry 35. is 
In tills embodiment, binding fibers 83 of tiie type gener- 
ally disclosed in the earlier embodiments are added to 
slurry 35 along with resin matrix fibers 85. 

The binding fibers 83 are made of tiiermoplastic 
material and have a lower melting point and a lower pro- 20 
portion by weight when compared with the resin matrix 
fibers 85. Typically, the binding ftoers 83 comprise 
approximately 2-7 percent by weight of the total weight 
of tiie preform and have a melting temperature of less 
than about 270*F. On the otiier hand, thermoplastic ss 
resin matrix fibers 85 comprise approximately 30-70 
percent by weight of tiie total weight of tiie preform and 
have a melting temperature of between about 300**F 
and about 450°R The reinforcing fibers 81 constitute the 
balance of tiie total weight of the fiber reinforced plastic 30 
structure. 

As in the previous embodiments, tiie reinforcing fib- 
ers 81 may be made from glass, graphite, polyester or 
other suitable reinfbrdng fibers. Typically, the reinforcing 
fibers 81 will be approximately 0.5 to 4 inches In length 35 
and 25 to 50 microns in diameter. The binding fibers 83 
are about 25 to 50 microns in diameter and about 0.25 
to 1 .25 inches In length. The binding fibers 83, as in the 
earlier examples, can be made of thermoplastic polyes- 
ter, polypropylene, polyettiylene or nylon. The thermo- 40 
plastic resin matrix fibers 85 can be made of 
polypropylene, tiiermoplastic polyesters (PETs) or 
nylons, with a length of about 0.5 to 3 inches and a 
diameter of about 25 to 50 miaons. Instead of the bind- 
ing fibers 83 being separate from the thermoplastic 45 
resin matrix fibers 85, It is possible that a single fiber 
can be created In which the composition contains ther- 
moplastic materials witii different melting points and 
witfi different by-weight percentages in order to arrive at 
the desired characteristics. 50 

With reference at box 202 of Figure 13 and illus- 
trated in Figures 14 and 15, removable contoured 
screen 16. mask 14 and frame 28 are raised to ttie top 
of tank 12 by activating piston 31 attached to frame 28 
in a similar manner as desaibed in the prior embodi- ss 
ments. 

With continuing reference to Rgure 15. once raised 
to ttie top of tank 12. tiie reinforcing fibers 81 . the bind- 
ing fibers 83 and the matrix resin fibers 85 of slunry 35 



are uniformly deposited on removable contoured screen 
1 6 in the desired preform 36 shapa In tiiis endxxjiment. 
once tiie wet preform 36 has been raised to tiie top of 
tank 12. the contoured screen 16 and wet preform 36 
are removed from tank 1 2 and placed into an oven 79 as 
shown at box 204 of Figure 13 and schematically illus- 
trated in Rgure 16. High temperature fluid, such as 
steam. Is ttien drawn through preform 36 by creating a 
negative pressure differential between the top and bot- 
tom of preform 36. The high temperature fluid or steam 
generated thereby will be sufficient to melt tiie tiiermo- 
plastic binding fibers 83 but not the tiiermoplastic resin 
matrix fibers 85. For example, tfie preform can remain in 
tfie oven which is heated to about 300*'F for about 1 
minute. After cooling, reinforcing fibers 81 aretenporar- 
ily bound by tiie melted binding fibers 83 to create tack- 
Ified preform 80. By tiie term Tackified preform" it is 
meant that the preform is bound together sufficiently so 
tiiat it can be removed from tfie screen and handled 
witiiout being easily deformed. However, it does not 
have ttie desired structural rigidity for the final part. For 
exanple, tiie tackifled preform can generally withstand 
loads of about 20 psi witiiout substantial deformation 
but will be deformed by higher loads. 

As shown at boxes 206 and 208 of Rgure 13 and 
Illustrated In Figure 17, tackifled preform 80 is removed 
from contoured saeen 16 and placed In a complemen- 
tary cavity 82 of mold 84. MokJ 84 has a relatively 
smootii molding surface 86. Mold 84 can be open- 
ended but preferably includes a cover 88. Cover 88 can 
take a variety of forms and it Is presentiy contemplated 
tiiat It can take the form of a flexible diaphragm which 
can be drawn by a vacuum against tiie upper sur^ce of 
the preform. In Rgure 17, however, cover 88 is shown 
as a pivoted rigid lid having a lower surface complemen- 
tary In shape to tiie preform. Cover 88 is attached to 
mold 84 by any standard type of hinge mechanism 90 
and is secured in a closed position by any standard type 
of latch mechanism 92. Cover 88 is held against tiie 
outer surface of tackrfied preform 80 while tackifled pre- 
form 80 Is supported in complementary cavity 82 of 
mold 84. The resultant pressure on tackif led preform 80 
due to cover 88 is relatively low. however, just sufficient 
enough to provide part definition. 

As furtiier shown at box 208 of Rgure 1 3 and illus- 
trated in Figure 17, high temperature fluid or steam 
source 94 and cool air source 96 are regulated by valve 
98. Inlet conduit 99 connects valve 98 to mold 84. Dis- 
posed wrthin mold 84 are heat transfer passageways 
1 00 which allow for passage of high temperature fluid or 
steam from source 94 or cool air from source 96 
throughout mold 84. Heat transfer passageways 100 
are oriented in any standard type pattern to sufficlentiy 
heat or cool mold 84. One skilled in the art would readily 
recognize that heat transfer passageways 100 can be 
arranged such tiiat different locations of motel 84 could 
have different heat transfer rates. 

The mold 84 is heated to a temperature exceeding 
tiie melting temperature of the tiiermoplastic resin 
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matrix fibers 85 to cause them to flow throughout the 
preform and surround the reinforcing ftoers 81. Typi- 
cally, the mold is heated to about 300 to 450<>F for a 
period of time between about 30 and 120 seconds. 

After the thermoplastic resin matrix fibers 85 are s 
melted, cool source 96 provides a sufficient amount of 
cool air or other fluid through valve 98, inlet conduit 99 
and heat transfer passageways 1 00 to cool the mold 84. 
TacWfied preform 80 is thereby cooled, sufficient 
enough to solidify the melted fibers 85 and bind the rein- io 
forcing fibers 81 in place to generate a substantially 
homogeneous fiber reinforced plastic structure having a 
sufficient concentration of resin matrix fibers and rein- 
forcing fibers to provide structural rigidity. Typically, the 
mold is cooled to below about 2B(yF for a period of time is 
between about 15 and 30 seconds. The final part is then 
removed from the mold 84,, The final part is character- 
ized by a significantly higher structural rigidity than the 
tackified preform. For example, the final part can with- 
stand tensile loads of over 5.000 psi without substantial 20 
deformation. 

Some advantages of tiie metiiod and apparatus of 
the third embodiment of tiie present invention is that 
there is no substantial displacement of fibers as com- 
pared to conventional structural molding compound 25 
(SMC) compression molding techniques since the 
slurry process already forces the fibers to be uniformly 
distributed tfiroughout the preform. Therefore, a better, 
smoottier surface is obtainable since no knit lines are 
encountered. Additionally. large, high tonnage presses 30 
are not required to form the desired fiber reinforced 
plastic structure. It is also possible thereafter to reheat 
and reshape ttie tiiermoplastic products of ttie present 
invention. Moreover, there is no styrene or resin 
involved in the metiiod of the present Invention and, 35 
therefore, it Is possible to recycle tiie thermoplastic 
products generated by this method easier, thereby ren- 
dering an Increased benefit to the environment. 

Anotiier significant advantage is ttiat ttiere is no 
resin injection step required in order to form tiie final 40 
part, as in the RTM procedure described In connection 
witfi the first two embodiments. 

It should be appreciated by those skilled in the art 
that modifications can be made witfiout departing from 
the true spirit or fair scope of the present invention. The 45 
present invention will therefore be understood as sus- 
ceptible to modification, alteration or variation by ttiose 
skilled in the art without deviating from the scope of tiie 
invention as defined by tiie following claims. 

so 

Claims 

1 . A metiiod for forming a fiber reinforced plastic struc- 
ture which comprises: 

55 

(a) creating a preform from a mixture having 
reinforcing fibers and tiiermoplastic meltable 
resin matrix fbers; 



(b) heating tiie preform to a temperature suffi- 
cient to melt tiie resin matrix fibers such that 
the resin matrix fibers flow to surround the rein- 
forcing fibers; 

(c) cooling tiie preform to solidify tiie resin 
matrix fibers and form a rigid fber reinforced 
plastic structure; and 

(d) wherein the mixture includes a sufficient 
concentration of ttie resin matrix fibers to yield 
a substantially homogeneous fiber reinforced 
plastic structure and a sufficient concentration 
of the reinforcing fibers to provide structural 
rigidity to ttie fiber reinforced plastic structure. 

2. The method of claim 1 wherein tiie resin mati-lx fib- 
ers comprise first tiiermoplastic fibers and wherein 
second thermoplastic fibers are also used in the 
preform, witti ttie method furtiier comprising: 

dispersing said first tiiermoplastic fibers and 
said second thermoplastic fbers evenly 
amongst the reinforcing fibers of the preform. 

3- The method of claim 2 wherein said second ther- 
moplastic fibers have a lower melting point and a 
lower concentration ttian said first thermoplastic fib- 
ers. 

4. The metiiod of claim 2 wherein step (a) comprises: 

mixing reinforcing fibers, the first thermoplastic 
fibers and tfie second thermoplastic fibers 
togetiier in a tank to form a slurry; 
raising a screen in the tank to cause tiie fibers 
to be deposited on the screen to form a pre- 
form; 

heating tiie preform to a temperature above a 
melting point of the second thermoplastic fibers 
but below a melting point of tiie first thermo- 
plastic fibers to temporarily bind ttie reinforcing 
fibers in the preform to yield a tackified pre- 
form; 

thereafter, heating tiie tackified preform to a 
higher temperature which Is above tiie melting 
point of ttie first tiiermoplastic fibers to cause 
them to melt and flow ttiroughout the tackified 
preform; and 

cooling the preform to generate a fiber rein- 
forced plastic structure having an essentially 
uniform distribution of reinforcing fibers therein 
bound togettier by at least the first thermoplas- 
tic fibers. 

5. The method of daim 1 wherein the meltable resin 
matrix fibers comprise tiiermoplastic fibers in the 
concentration of approximately 30-70 percent by 
weight of ttie total weight of ttie preform. 
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6. The method of daim 2 wherein the second thermo- 
plastic fibers comprise approximately 2-7 percent 
by weight of the total weight of the preform and 
have a melting temperature of less than about 
270»F. 5 

7. The method of daim 2 wherein the step of heating 
the preform comprises: 

drawing a high temperature fluid through the io 
preform to me!t the second thermoplastic fibers 
suffidently to create a tackif ied preform which 
can be more easily handled; and 
thereafter, removing the tackrfied preform from 
the screen. is 

8. The method of claim 7 wherein the taddfied pre- 
form is in a contoured shape approximating the 
shape of the plastic structure to be created; and 
wherein step (b) comprises: 20 

placing the contoured shape preform into a 
complementary cavity In a mold; and 
heating the mold to above a melting tempera- 
ture of the first thermoplastic fibers. 2s 

9. The method of claim 8 which further comprises: 

placing a cover over the preform during the 
heating step and applying suff ident pressure to 30 
the preform during heating and subsequent 
coding to maintain the desired shape of the 
structure. 

1 0. A method for forming a fiber reinforced plastic struc- 35 
ture which comprises: 

(a) placing a contoured screen in a tank filled 
with a liquid; 

(b) adding reinfordng fibers to the liquid to ere- 40 
ate a slun^y; 

(c) adding meltable resin matrix fibers to the 
slurry; 

(d) adding meltable binding fibers to the slurry; 

(e) raising the screen in the tank thereby caus- 45 
ing all of the fibers to be deposited on the 

screen; 

(f) removing the screen from the tank; 

(g) heating the preform to a temperature suffi- 
cient to melt the meltable resin matrix fibers 50 
such that the meltable resin matrix fibers flow 
throughout the preform to yield the fber rein- 
forced plastic structure; and 

(h) removing the fiber reinforced plastic struc- 
ture. 55 

11 . The method of claim 10 wherein the meltable resin 
matrix fibers and the binding fibers comprise ther- 
moplastic fibers. 



12. The method of claim 1 1 wherein the binding fibers 
have a lower melting point and a lower concentra- 
tion than the resin matrix fibers. 

13. The method of claim 1 1 wherein the binding fibers 
comprise approximately 2-7 percent by weight of 
the total weight of the preform and have a melting 
temperature of less tiian about 270""^ and wherein 
the resin matrix fibers comprise approximately 30- 
70 percent by weight of ttie total weight of the pre- 
form and have a melting temperature between 
about 300^F and about 450»R 

14. The method of claim 11 wherein the resin matrix 
fibers and the binding fibers comprise thermoplas- 
tic polyesters. 

15. The method of daim 11 which furtiier comprises, 
after step(f): 

(1) heating the preform to a temperature above 
a melting point of the binding fibers but below a 
melting point of tiie resin matrix fibers to yield a 
tackified preform; 

(2) pladng tiie tackified preform in a comple- 
mentary cavity in a mold; 

(3) exposing the tackified preform to heat to 
melt the resin matrix fibers such tiiat they flow 
throughout the tackified preform; 

(4) cooling tiie preform to generate a fiber rein- 
forced plastic structure having an essentially 
uniform distribution of reinforcing fibers therein 
bound together by at least the resin matrix fib- 
ers; and 

(5) removing the fiber reinforced plastic struc- 
ture from the complementary cavity in tiie 
mold. 

16. The method of daim 15 which furtiier comprises, 
after step (2): 

placing a cover over the preform during the 
heating step and applying sufficient pressure to 
the preform during heating and subsequent 
cooling to maintain the desired shape of the 
structure. 

17. An apparatus for forming a fiber reinforced plastic 
structure comprising: 

(a) a tank containing a mixture of reinforcing 
fibers, thermoplastic binding f bers and thermo- 
plastic resin matrix fibers; 

(b) a contoured screen disposed witiiin the 
tank; 

(c) means for transporting the contoured 
screen tiirough the tank whereby tiie mixture is 
deposited on the contoured screen tiiereby 
forming a preform; 
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(d) first heating means for drawing high temper- 
ature fluid through the preform and the con- 
toured screen to melt the thermoplastic binding 
f bers thereby tackifying the preform; and 

(e) second heating means for drawing high s 
temperature fluid through the preform to melt 
the thermoplastic resin matrix fibers and bind 
the reinforcing fibers together to provide uni- 
form homogeneous structural rigidity to the 
fiber reinforced plastic structure. 10 

18. The apparatus of claim 17 wherein the contoured 
saeen is removable. 

1 9. The apparatus of daim 1 8 wherein the thermcplas- is 
tic binding fibers have a lower melting point and a 
lower concentration tiian the thernv)plastic resin 
matrix fbers. 

20. The apparatus of daim 19 wherein the binding fib- 20 
ers comprise approximately 2-7 percent by weight 

of tiie total weight of tiie prefonn and have a melting 
temperature of less than about 270^F, and wherein 
the resin matrix fibers comprise approximately 30- 
70 percent by weight of the total weight of the pre- 25 
form and have a melting temperature between 
about 300"F and about 450**F. 

21. The apparatus of claim 17 wherein the second 
heating means comprises a heated mold having a 30 
complementary cavity for receiving the preform. 

22. The apparatus of claim 21 wherein tiie mold further 
comprises: 

35 

a flexible diaphragm cover to cover the preform 
which is operable to apply sufficient pressure to 
tiie preform during heating and subsequent 
cooling to maintain tiie desired shape of the 
structure. 40 
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